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Introduction
Mortality rates among prime-age adults are dramatically high in many sub-Saharan African countries, and, as a consequence, the number of orphaned children is high and increasing. In this paper, we identify the educational and health effects of orphanhood in sub-Saharan African countries. We draw on comparable data for eleven sub-Saharan African countries with especially high rates of orphanhood. We define an orphan as a child with at least one deceased biological parent. In the analyzed countries, 10% or more of children under the age of 15 growing up in private households are orphans (see also Figure 1 ). In some countries, the rate of orphanhood even exceeds 20%.
1
It is very likely that the high incidence of parental death not only impacts the demographic composition of the respective countries, but also affects human capital formation. Therefore, on the micro level, we seek to examine how being an orphan affects individual schooling and health outcomes. More specifically, our research compares the educational and health outcomes of orphans living under the same conditions as nonorphans. Differences in outcomes may be interpretable as a product of " Hamilton's Rule," according to which the quality of care depends on the biological connectedness of caregivers and children (Hamilton, 1964) . From this perspective, children who grow up without a biological parent are worse off than non-orphaned children growing up under the same living conditions. Alongside Hamilton's Rule, there are different theories on how the absence of a parent may affect child development (cf. for example Deleire and Kalil, 2002) . Economic deprivation in particular may be an immediate consequence of a prime-aged parent's illness and death. As a stylized fact, orphans in sub-Saharan Africa are most likely to live in large households headed by a female adult (cf. for example Monarsch and Boerna, 2004) in which multiple household members depend on a single income. Aside from the economic dimension of being an orphan, there are also psychological factors. Previous psychological studies report that AIDS orphans more often suffer from depression or anxiety than other children (cf. for example Atwine et al., 2005) . Such mental ailments lead to poorer health and are also likely to have an impact on schooling outcomes. A related problem is stigmatization, which is especially severe for AIDS orphans. In some cases, stigmatized children may even be prevented from attending school. Some of these mechanisms (and especially Hamilton's Rule) are not only relevant for orphans but also for so-called "social orphans." We define a social orphan as a child whose biological parents are both still alive but who grows up without at least one of his or her biological parents present. In our data, social orphan ratios are higher than orphan ratios (also compare Figure 2 ). For example, more than half of the observed children in Namibia and Swaziland live without a biological parent. We look separately at the human capital outcomes of orphans and social orphans. Based on our data, we are also able to observe different family structures, and, in particular, shed light on how the education and health of paternal orphans and paternal social orphans (i.e. children who lack a father) are affected by orphanhood.
The most relevant previous study with respect to our paper is Case et al. (2004) , which is based on data from ten sub-Saharan African countries. 3 Case at al. demonstrate that orphans live in relatively poor households in most of the observed countries. Their main identification strategy is a household fixed-effects strategy that compares orphaned and nonorphaned children within the same household. Based on this fixed-effects estimation, the 2 There are multiple reasons why children are social orphans. First of all, the parents may be separated, with children raised by a single parent. Second, the parents may decide to have their children live with relatives, so that they have better access to education. Children may also be forced to leave their homes in order to work and earn money for their families. 3 Our literature review is focused on studies that use econometric identification strategies to determine specific effects of orphanhood. We do not summarize the further existing evidence from descriptive studies examining orphans' outcomes in sub-Saharan countries. As an example, Ainsworth and Filmer (2002) provide evidence based on data for 28 developing countries, but do not find clear, systematic evidence of less favorable educational outcomes for orphans.
authors find that orphans and other children not living with a parent tend to be less often enrolled in school than non-orphans. This is especially true for orphans living with less closely related or unrelated caregivers.
A further strand of previous research examines variation over time in order to identify how parental death impacts children's schooling outcomes, thus allowing gradual change in child outcomes to be observed. These studies typically relate to single countries (e.g. Evans and Miguel, 2007 for Kenya; Case and Ardington, 2006 for the KwaZulu-Natal region of South Africa; Ainsworth et al., 2005 for Tanzania) . Similarly, Ardington and Leibrandt (2010) use data from South Africa over ten years and examine how the vulnerability of orphans has changed over time as the incidence of parental death has grown due to the AIDS/HIV epidemic.
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For us, the previous work by Case et al. (2004) is particularly relevant since it exploits variation within the household using a fixed-effects estimation strategy in order to estimate the causal effect of orphanhood on education. We do not replicate findings concerning household wealth, which are well-documented in the existing literature.
However, for the interpretation of our results it is important to bear in mind that living conditions in orphan households are worse than conditions in average non-orphan households. Following Case et al. (2004) , we exploit the household fixed-effects strategy using more recent data.
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4 Few studies use an instrumental variable approach in order to identify a specific causal effect of orphanhood. For example, Gunderson and Kelly (2008) exploit regional variation in HIV rates in order to instrument for parental death. However, the exogeneity of this instrument may be doubted. Further instruments for adult mortality are discussed in the macro literature linking adult mortality to growth: Lorentzen et al. (2008) use the malaria ecology and different sets of climatic and geographic features as instruments for mortality. We also tested geographical instruments (e.g. administrative district distances to coasts and distances to the equator) in our data, but the correlations between the instruments and orphanhood are very low. Also, one may question what kind of local average treatment effect such instruments would identify. Therefore, we do not rely on an instrumental variable approach based on these instruments in this paper. 5 This might be crucial since educational policies have changed in many of the considered countries in recent years. Specifically, school fees have been abolished in most countries (with the exception of Swaziland and Zimbabwe), so that primary education is now free of charge (cf. for example World Bank/UNICEF, 2009). In addition, school enrolment rates have increased in recent years (cf. USAID, 2010).
Our work makes several contributions to the existing literature. In contrast to the literature cited above, we do not solely examine the educational outcomes of orphans but also consider nutritional outcomes as an important determinant of child health and human
capital. An additional feature of our work is that we distinguish between different family structures. In contrast to Case et al. (2004) , we also consider the high numbers of nonorphaned children living without a biological parent and present all of our results for orphans and social orphans.
This paper is organized as follows: In Section 2, we introduce the database and present descriptive insights for the eleven sub-Saharan countries. Section 3 describes our identification strategy and discusses the specific effects we identify. We present the different regression results in Section 4. Section 5 concludes.
In sum, our findings suggest that in most countries, orphans and social orphans growing up under the same conditions as non-orphans are significantly worse off in terms of their observed educational and health outcomes. Compared to children whose parents are alive and live with their biological parents, orphans lag behind in education in all countries.
Our estimations indicate that orphaned children lag behind their non-orphan counterparts in cumulative school participation by one-fifth to one-half of a year. Children are especially harmed by not growing up with a biological mother. In most countries, we observe hardly any additional effect of growing up without a father.
Data and Descriptive Evidence
This paper is based on comparable data from the Demographic and Health Surveys (DHS)
for eleven sub-Saharan African countries. DHS data are collected on behalf of the US Agency for International Development. The data include detailed information on household structure, child health and education. From this database we have chosen those sub-Saharan
African countries for which recent data are available and which are known to have high proportions of orphans among children aged 14 and younger (cf. Figure 1) . We do not observe institutionalized orphans but only orphans living in households. For this reason, our orphan ratios may be considered to represent a lower bound of the real ratios. Focusing on households is also justified because in the considered countries it is common for orphans to live with their extended families (cf. for example UNICEF, 2006) . The specific countries we examine are Kenya, Lesotho, Malawi, Mozambique, Namibia, Rwanda, Swaziland, Tanzania, Uganda, Zambia and Zimbabwe.
The data span from 2003 to 2007 (see Figure 1 ). Figure 1 shows the ratios of orphans in the observed countries among children under age 15 (i.e. age 14 or younger). 6 The graph on the right side in Figure 1 focuses on paternal orphans (i.e. children whose biological father is dead). As the graph shows, paternal orphans make up the largest share of all observed orphans. Across all countries, among the 14.8% of orphans in our sample, 9.2% are paternal orphans, 2.9% are maternal orphans and 2.7% are full orphans. For the regression analysis, we construct two sub-samples which we use for our analysis of the orphans' educational and health outcomes, respectively. First, we restrict the country samples to children who are of usual school age. Formal education starts at age six in most countries, with the exception of Rwanda, Tanzania and Zambia, where school starts at age seven (cf. for example Lloyd and Hewett, 2003 for an overview). The oldest children in the school-age sample are 14 years of age. The sample sizes for school-aged children vary between 5,604 (Swaziland) and 16, 614 (Malawi) . There are few incidences of missing observations for variables needed in the regression analysis. The incidence of missing observations varies between 0 and 4%. We observe all required variables for about 98% of the children in most countries. The outcome variable we consider is the numbers of years of formal education the children lag behind compared to the years of schooling they should have attained at their observed age (and given the usual age at school entry). According to this measure, lagging behind in education may be the result of a child entering school later than she should have or of an interruption to schooling.
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The second sample we look at contains children from birth to age four because we observe various health measures only in this age group. Specifically, we observe standard anthropometric measures like weight-for-age and height-for-age, taking the age and gender of the children into consideration (both measured in z-scores).
8 Each of these measures implies important health information, and allows us to assess the incidence of "being stunted" and "being underweight." In the DHS data, these measures can be constructed by comparing individual outcomes with the standardized reference distributions provided by the WHO.
Accordingly, we define "being stunted" as being below two standard deviations from the 7 We are not able to measure the quality of education the children receive but only observe actual years of education, which our measure compares to the number of years a child should have attended school at the respective age. 8 These are very precise measures: Weight was measured using lightweight, bathroom-type scales with a digital screen. The height for children younger than 24 months was measured lying down on the board (recumbent length), while standing height was measured for older children.
median height-for-age of the reference population. We classify children whose weight-for-age is below two standard deviations of the reference population as "being underweight."
Not all children under age five are captured in the country samples. This may have two reasons: First, the surveys had a different focus in each country (and do not all contain the same health measures). Second, not all children could be measured. This may be the case if children (or their parents) refused to be measured or if the child was not immediately present in the household. Thus, depending on the respective country, we observe health measures for some 31 to 91% of the relevant children. The final sample sizes vary between 1,674 observations for Lesotho and 9,020 observations for Mozambique. Table 1 presents an overview of the different sample sizes relevant for the regression analysis. Tables 2 to 5 report means and standard deviations for the observed human capital outcomes (education and health outcomes) separately for orphans and non-orphans. In Table 2 we compare the education and health outcomes between orphans and non-orphans in all eleven countries. These summary statistics suggest that -compared to non-orphans -orphans lag behind in education by about half a year in most countries (cf. columns 1 and 2 of Table 2 ).
Additionally, orphans seem to be more likely to suffer from growth retardation, seem to be more often stunted and are more likely to be malnourished on average (Table 2 ). In Table 3 to Table 5 , we present summary statistics referring to different groups of orphans. Specifically, we distinguish between paternal orphans and orphans whose mother has died (maternal orphans as well as full orphans). We do not distinguish between maternal and full orphans since the proportion of each group is relatively low compared to the proportion of paternal orphans (cf. Figure 1) . A comparison of columns 1 and 2 in Table 3 suggests that on average, maternal orphans and full orphans lag more years behind in education than paternal orphans. However, the mean difference in years of education is less than half a year. For our health outcomes, children are somewhat more often stunted and more likely to be underweight in the case of paternal death. This result could be driven by financial constraints caused by the death of the father. However, for most countries the mean differences between paternal and non-paternal orphans are rather small and statistically insignificant. Table 4 shows summary statistics of the outcomes for social orphans. The differences between social orphans and non-social orphans are mostly small and statistically insignificant.
This result might reflect the fact that there are multiple reasons for living without a biological parent which differ across countries. In Table 5 , we distinguish between social orphans not living with the father (but with a mother) and all other social orphans (i.e. those not living with a mother). Regarding educational outcomes, paternal social orphans mostly seem to lag somewhat behind in education. Again, the health outcomes are very similar for both groups. However, a comparison of means hardly allows conclusions to be drawn concerning whether orphans perform better or worse than non-orphans. The different groups are not directly comparable. For example, Case et al. (2004) demonstrate that orphans live in poorer households and under worse conditions than non-orphans. Also, orphans are on average older than non-orphans. In our data, they are 3.57 years older on average, while the largest mean age difference between orphans and non-orphans is 4.62 years in Rwanda. A simple comparison of means conceals such differences. 
Identification Strategy
A major limitation of many of the previous descriptive studies is that they do not consider the "endogeneity" of being an orphan: The observed relationships between orphanhood and child outcomes could reflect unobserved factors correlated with both being an orphan and human capital. For example, wealthier parents might be more educated and more likely to invest in their health (including protection against HIV). At the same time these families are also more likely to invest in their children's human capital in terms of schooling and nutrition. If we do not take these factors into account, any estimate of the effect of being an orphan on child outcomes will be biased. Specifically, the effects of lagging behind in education and suffering from negative health outcomes would probably be overestimated.
Our identification strategy is based on a household fixed-effects model. Using a household fixed-effect approach allows us to compare orphans and non-orphans living under similar conditions (i.e. in the same household). Note that living in an extended family is the usual family context in the countries of interest (cf. Section 2). In the case of parental death, the extended family usually cares for orphaned children. Consequently, it is very common for orphaned and non-orphaned children to live together in the same household (i.e. in "blended Specifically, in our fixed-effects estimation, we regress our outcomes of interest on the indicator variables for orphan status and control variables (gender, age and age squared), including household fixed effects. 9 For the education sample, we show results for three specifications: In specification 1, we solely include an orphan indicator (besides the control variables). In specification 2, we additionally include an indicator for being a social orphan.
In specification 3, we include two more indicator variables for being a paternal orphan and a paternal social orphan, respectively. Because of the lower number of observations, we only use the first and second specification when examining health outcomes.
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What effect is identified based on the household fixed-effects strategy? This estimation method allows us to control for (economic) living conditions. In other words, we can deduce whether orphans are worse off than non-orphans even when they are not currently experiencing worse (economic) circumstances. If we find differences in education and health outcomes between orphans and non-orphans, this may be an effect of Hamilton's Rule.
However, it is very likely that orphans experienced lower parental investments prior to living in the blended households. For example, if parents suffer from an illness several years before they die, they may be less able to earn money and invest in their children. Therefore, the effect we measure is not a direct measure of Hamilton's Rule but a joint effect of the investment they received prior to and after parental death. This effect is still of relevance for social and aid policy. Policymakers are interested in identifying those children most in need of educational and health support. If we identify that orphans (including social orphans) lag behind non-orphans living under the same conditions, this will highlight the need to provide targeted assistance to these children.
We also conduct a robustness check in order to see whether the thus estimated "orphan effect" declines after the orphans have lived in blended households for several years. Since we do not have data on the time of parental death, we restrict our education sample to children living in blended households where there are no orphans younger than age six. We assume that parents have children up to when they begin to suffer severely from a fatal illness or up to death. Thus, if there are no orphans younger than six years of age, the parents probably died several years ago. If the orphan effect is robust for these orphans without any "recent"
siblings, this indicates that the estimated effects on human capital are stable over time. The average effect size varies from somewhat more than half a year (Kenya, Lesotho and Rwanda) to one-fifth of a year in Uganda. Interestingly, social orphans are nearly as worse off in terms of their education as orphans. In Malawi, Tanzania and Uganda the point estimates are even higher for social orphans than for orphans.
Regression Results
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11 The Bravais-Pearson correlation coefficient between the size of the orphan effect and the rate of orphanhood at the country level is 0.25 (based on the second specification of the fixed-effects regression). Interestingly, the correlation between the social orphan effect and the rate of social orphanhood is -0.55. In other words, there is a weak tendency that social orphans are better off in countries with high rates of social orphanhood. This might be In Figure 5 we further differentiate the analysis to children not growing up with a father (specification 3). Note that Figure 5 displays the absolute average effects of being an orphan or social orphan as compared to children living with both parents, while the paternal effects are additional effects for children when the father is dead or not living in the household. In most countries, we find that the additional effect of being a paternal orphan as compared to being an orphan whose mother died is zero. For Namibia, Swaziland, Zambia and Zimbabwe the effects are negative and significant. For social orphans, the additional effects are negative and significant (with the exception of an insignificant effect for Malawi). That means that these (social) orphans are worse off if they grow up without a mother as compared to growing up without a father. This additional negative effect is especially pronounced in countries with due to varying cultural practices related to the raising children by non-biological adults (i.e. mostly within the extended family).
a high overall orphan effect, such as Kenya, Lesotho and Rwanda, but also Swaziland (where the orphan effect is also relatively high if we only consider orphans not living with a mother).
In sum, the results demonstrate that children are specifically harmed with respect to their education if the mother is missing from the household. Note: Household fixed-effects regressions includes control variable for gender (bars = coefficients, lines = 95% confidence bounds). Linear probability models, estimated separately by country. Specification 1 refers to a binary variable indicating orphanhood (reference category: at least one parent is alive). The point estimates underlying Figure 6 are presented in Table A 3 One might ask whether the effect of being an orphan is less pronounced among children who lost their parents several years ago and have been living in blended households for a relatively longer period. In order to address this question, we repeated the above estimations with a subsample of "older orphans" by dropping all children living in households in which at least one child is aged six or younger (thus indicating that the parent died less than seven years ago, cf.
Section 4). The results are robust with this sample. 12 This suggests that the orphan effect is stable over time, i.e. that it is persistent even after orphans have been living in a blended household for several years. Because of this robustness, we do not present the respective results in more detail.
In Figure 6 to Figure 11 , we present the orphan effect for children aged four and younger with respect to health outcomes. The point estimates presented in Figure 6 suggest that orphans have worse health outcomes than non-orphans in most countries: Orphans are relatively smaller and lighter for their age than non-orphans (except for a positive height estimate in Lesotho and positive weight estimates in Malawi and Rwanda). Note: Household fixed-effects regressions includes control variable gender (bars = coefficients, lines = 95% confidence bounds). Linear probability models, estimated separately by country. Specification 1 refers to a binary variable indicating orphanhood (reference category: at least one parent is alive). The point estimates underlying Figure 7 are presented in Table A 3 Probably due to the relatively small sample sizes together with less variation within households as a result of a smaller proportion of orphans, these effects are often not statistically significant. However, the point estimates suggest a clear pattern. 13 This is also reflected in Figure 7 where we consider the rather extreme health outcomes of being stunted and being underweight. According to the point estimates, orphans are more likely to be stunted and underweight in most countries. The orphan effect for stunted growth is strongest and statistically significant in Namibia (13 percentage points) and Zimbabwe (12 percentage points). However, the orphan effects for being underweight are not statistically significant in this specification. There are also significant effects on the incidence of being underweight in some countries:
When compared to the group of non-orphans and non-social orphans, orphans are significantly more likely to be underweight in Kenya (19 percentage points) and Namibia (12 percentage points). For social orphans we find statistically significant effects for being underweight in Kenya (15 percentage points) and Rwanda (18 percentage points). In sum, the point estimates suggest that the nutritional status of both orphans and social orphans compared to non-orphans is relatively poor in most of the considered countries. 
Discussion
Our fixed-effects results imply that orphans living in blended households are worse off than non-orphans growing up under the same living condition. These orphans -as well as social orphans -lag behind in terms of years of education. In most countries, it seems that orphans and social orphans are also more often affected by extreme health outcomes related to malnutrition. The findings call for policies that specifically address the situation faced by orphans in sub-Saharan African countries. Regarding educational outcomes, we have also shown that social orphans are especially disadvantaged if they grow up without a mother.
Therefore, policy measures should seek to specifically assist children whose mothers are alive, but absent from the household.
Our results highlight the need for programs that seek to promote orphan education and health. One of the UN Millennium Development Goals is to "ensure that, by 2015, children everywhere […] will be able to complete a full course of primary schooling" (Target 2). A further goal is related to child health (Target 4). The relatively poor situation of orphans with respect to both education and health is a serious obstacle to reaching these goals. Note: Table A1 presents the unweighted percentages from the DHS data which are displayed in Figure 1 and 
